DNA transcripts were prepared from three related viruses of hamster and analyzed by interviral hybridization and by reaction with cellular DNA. A virus (G-HaLV), isolated from a dimethylbenzanthraceneinduced tumor cell in Graffi hamsters, contained nucleic acid sequences highly specific for hamster cell DNA and did not react with mouse cell DNA nor did its transcript show homology (<5%) with mouse or rat viral RNAs.
The number of species from which type-C viruses have been isolated has increased rapidly over the past few years. In most cases, these viruses can be distinguished by immunological techniques; however, the technique of nucleic acid hybridization has proven increasingly critical in establishing species of origin of new isolates. This has been possible because of the high degree of specificity observed in interviral hydridization experiments (1) (2) (3) . Thus, because of the lack of crosshybridization (about 2-3%) between mouse and rat endogenous viruses, it was possible to show mouse and rat sequences in two distinct pseudotypes. In one case (1) , in the virus designated originally MSV(O), now MSV(RaLV), this was a predictable result based on rat-specific structural proteins being found in a sarcoma virus isolated from a tumor induced by M-MSV. The second case, the Kirsten sarcoma virus (Ki-SV), resulted from rat passage of Ki-MuLV and, thus, since the recovered virus had mouse virus structural antigens, the presence of rat information was not suspected. This virus is now known to have derived its sarcomagenic information from the rat (4) , in contrast to MSV(RaLV), whose sarcoma sequences were derived from the mouse. In both cases, the interviral reactions were duplicated with cellular nucleic acids, e.g., DNA transcripts of endogenous rat virus hybridize to rat and not mouse DNA, while MSV(RaAbbreviations: NaDodSO4, sodium dodecyl sulfate; WML, wild mouse leukemia virus; RLV, murine Rauscher leukemia virus; GLOH-, a hamster virus; G-HaLV, Graffi strain of hamster leukemia virus; B-34, a hamster sarcoma virus; RD (9, 11, 12) .
The mouse viruses used were the Rauscher strain (RLV) grown in BALB/c cells designated JLSV-9 (13) , and the wild mouse 1504E (WML) strain grown in NIH Swiss embryo cells (14) .
The RD 114 virus (endogenous feline virus) was grown in RD cells (15) , and the RPL virus (endogenous rat virus) was grown in the Lewis rat cell line from which it originated (16 Gelman GA-6 membrane filter. The filtrates were treated with 10 Ag/ml of boiled RNase A for 30 min at 370, and then with 50 ,g/ml of self-digested Pronase B for 60 miil at 370 in the presence of 0.1 M NaCl and 0.5% NaDodSO4. DNA was again extracted twice with phenol-chloroform, and precipitated with two volumes of ethanol at -20°. The DNA precipitates were dissolved in 15 mM NaCl-1.5 mM sodium citrate and denatured at 800 for 20 min in 0.2 N NaOH. After neutralization with HCl, the solution was extensively dialyzed against 15 mM NaCl-1.5 mM sodium citrate precipitated with ethanol, and dissolved in 15 mM NaCl-1.5 mM sodium citrate.
Freshly excised livers were washed with Tris-saline, minced with scissors, and homogenized in isotonic buffer [0.25 M sucrose-10 mM Tris * HCl (pH 7.4)-10 mM KCl-10 mM MgCl2] with Polytron PT-10 (Brinkman Instruments), at setting 3 for 30 sec in ice. The homogenates were centrifuged at 3000 rpm for 10 min at 40, and DNA was extracted from the pellets as described above.
The concentration of DNA was estimated by dividing the absorbance at 260 nm by 24 . The DNA thus obtained has an average sedimentation coefficient of 5S in alkaline sucrose gradients.
Viral DNA Probe. Single-stranded [8H]DNA transcripts of viral genomes were prepared in the endogenous reaction and purified from viral 70S RNA hybrids as described (17) . The specific activity of the probes was about 105 dpm/ng of DNA, and they represent at least 60% of the 70S viral RNA genome (1).
Hybridization.
[8H]DNA was hybridized with viral 70S RNA with increasing amounts of RNA in 100 ,ul of 0.3 M NaCl, 20 mM Tris HCl (pH 7.2), 1 mM EDTA, and 0.1% NaDodSO4 at 670 for 18 hr, as described (17 The Cot values (the product of the initial nucleotide concentration and the time of incubation, mole -sec * liter-') were calculated from the absorbance and the time of incubation as described (18) . The Cot1/2 of the unique sequences in cellular DNA is about 1 X 108 under the hybridization conditions used; the figures give actual data without correction for salt effects. Hybrid formation was assayed by S-1 nuclease as described (17); S-1 nuclease was prepared from a-amylase (Sigma) by a modification (19) of the method of Sutton (20) .
RESULTS

Viral
[3H]DNA Probe. Previous experience has indicated that DNA transcripts prepared from complexes with 70S RNA formed during the endogenous RNA-dependent DNA polymerase reaction possess the specificity and sensitivity required to detect viral nucleic acids in appropriate cells (1, 17) . This method, generally referred to as the simultaneous detection procedure of RNA oncornaviruses (21) , was used to prepare probes for the three related viruses of hamster. Characteristic DNA transcripts of GLOH-and G-HaLV can be detected following the procedures outlined in Materials and Methods (Fig. 1) . The ['H]DNA that sedimented with viral 70S RNA could be isolated from the complex after alkaline digestion of RNA, and rehybridized specifically to appropriate viral and cellular nucleic acids as described below. Interviral Hybridization. The G-HaLV DNA transcript proved highly specific for the hamster viruses, forming hybrids with B-34 and GLOH-viral RNAs (Table 1 ) and reacting minimally with mouse, rat, or cat viruses. The concentration of RNA used in these experiments (.22jg/ml) was above the saturation value required for each DNA transcript regardless of whether homologous or heterologous RNAs were used. An example of this is given in Fig. 2 Fig. 4 . The hybridized radioactivity, after subtraction of the background (65 cpm), was plotted relative to the input (740 cpm) against Cot. The concentrations of cellular DNA were as follows: 0, hamster embryo fibroblasts, 2.96 mg/ml; A, C57 mouse liver, 1.17 mg/ml; *, brown Norway rat liver, 2.08 mg/ml. nucleic acids also indicate the presence of both mouse and hamster sequences, as is indicated in Table 1 and Fig. 2 . Of interest is the partial protection of GLOH-DNA by G-HaLV RNA at saturating concentrations, while with this probe B-34 RNA is virtually indistinguishable from GLOH-RNA. This is to be expected based on the presence of mouse sequences in the GLOH-transcript and in B-34, but not in the G-HaLV RNA. Not expected was the relatively low extent of hybridization (40%) between G-HaLV DNA and GLOH-RNA at saturating RNA concentrations. This result indicates either a marked strain difference or lack of a substantial portion of the endogenous hamster genome from GLOH-.
To extend the results of Table 1 , a recycling experiment was preformed. GLOH-DNA was first hybridized to GLOH-or wild mouse viral RNAs. After S-1 nuclease digestion, the RNA was digested and the DNA was again extracted. Table 2A shows that a single cycle absorption on WML RNA reduces the hamster-specific portion of the probe from 46 to 12% of the maximal reaction, while hybridization to GLOH-RNA does not significantly change the mouse: hamster ratio. The ratio of mouse to hamster (G-HaLV) reactivity was changed from about 1: 1 to 8: 1 by absorption on mouse virus RNA.
When similar absorptions of G-HaLV were made with B-34 and GLOH-RNAs (Table 2B) , confirmation of the results given in Table 1 (22) , type-C viruses are known to be represented in cellular DNA of their natural host species. This is true of mouse (22) (23) (24) , cat (25) (Fig. 3) . In contrast, GLOH-DNA hybridizes to both hamster and mouse cell DNA and not to rat DNA (Fig. 4) . The extent of hybridization to hamster DNA is similar to that observed with G-HaLV DNA. This result appears to resolve the question of whether GLOH-is missing hamster sequences or is showing a strain disparity from GHaLV (Table 1 and hamster viral nucleic acid sequences must be done. We note that without G-HaLV reagents, hybridization would have suggested B-34 to be a mouse virus while immunological data indicate it to be of hamster origin. Finally, GLOH-, which we previously thought to be an endogenous HaLV, is in fact a mouse-hamster hybrid. The origin of the oncogenic information in this virus is an interesting question. The low reactivity of GLOH-RNA with G-HaLV DNA is possibly suggestive of a recombinant virus in which significant amounts of HaLV RNA are missing.
The alternative of a strain difference seems more likely in view of the hybridization of GLOH-to hamster cell DNA, essentially to the same value as obtained with G-HaLV and hamster cell DNA. We note that some workers have found difficulty in demonstrating endogenous reactivity with GL-OH-(28); whether this is based on technical considerations or a loss of activity in certain cultures is unclear. However, analysis of GLOH-RNA gave evidence of significant crossreaction with mouse virus DNA (28) . As we show here, this is not based on an intrinsic hamster-mouse relationship, but rather on the fact that GLOH-is a "hybrid" virus.
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